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BATTERY DISCHARGING APPARATUS

BACKGROUND OF THE INVENTION

This invention relates to a battery discharging appa-
ratus, and in particular to an apparatus that recovers, by
deep discharge, a battery’s real power capacity which
has been reduced due to the memory effect.

In general, the phenomenon called memory effect is
well known. Memory effect, wherein battery voltage
drops 1n two stages during deep discharge after a repeti-
tion of shallow charge-discharge cycles, occurs in re-
chargeable batteries such as nickel-cadmium or nickel-
hydrogen batteries. Turning to FIG. 1, the dashed
curve, A, represents the discharge characteristics of a
battery with memory effect, while the solid curve, B,
represents the discharge characteristics of a normal
battery without memory effect. This FIGURE shows
that as discharge progresses, voltage drops after a
shorter service time for a battery with memory effect.
Consequently, when a battery with memory effect is
used in equipment that cuts off at a final voltage, the
battery’s real power capacity is reduced.

In this way, when memory effect occurs in a re-
chargeable battery used as a power source in various
battery driven equipment, problems occur such as the
working voltage of the rechargeable battery dropping
below the operating voltage of the equipment, causing
tile operating equipment to suddenly cease operation.
On the other hand, battery driven equipment such as
eight millimeter video cameras electrically disconnect
the battery and cease camera operation when the bat-
tery voitage drops below tile camera’s operating volt-
age. This 1s to avoid unpredictable equipment behavior
caused by driving tile equipment at a reduced battery
voltage.

Often the operating voltage For this type of equip-
ment 1S set at a value that does not completely discharge
the battery and leaves it with some residual power.
Theretore, memory effect becomes particularly likely in
these applications where the battery’s charge discharge
cycle is repeated.

Moderately deep discharge techniques have been
developed to eliminate the memory effect (see for exam-
ple, Japanese public disclosure 193516, 1987). The dis-
charging apparatus described in this disclosure contains
a discharging means to deeply discharge a rechargeable
battery when its voltage drops below a set value. The
discharging means utilizes either a timer to achieve
deep discharge until a set time interval has passed or a
battery voltage sensor to achieve deep discharge until a
set voltage 1s reached.

The discharging apparatus described in this disclo-
sure 1s characterized in that real battery power loss due
to memory effect is recovered by deep battery dis-
charge, or namely by memory effect eliminating dis-
charge. Thus memory effect eliminating discharge is
done to recover a battery’s real power capacity when it
has been reduced due to memory effect. For example,
memory effect eliminating discharge would be accom-
plished when a battery’s real power capacity dropped
to 80% of its normal capacity. However, even deep
discharge of a battery having no real power reduction
due to memory effect produces no recovery of power
capacity. Memory effect eliminating discharge of a
battery with no memory effect not only wastefully
consumes power, but also shortens the discharge cycle
lifetime of the battery. Further, performing memory
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effect eliminating discharge every time battery voltage
drops does not recover the battery’s original real power
capacity.

A discharging apparatus that antomatically performs
memory effect eliminating discharge whenever the
battery voltage drops below a set value has the draw-
back that since memory effect eliminating discharge is
accomplished every time the battery voltage drops,
time is consumed deeply discharging the battery as well
as recharging it from the deeply disharged state.

The present invention was developed to eliminate
these drawbacks. It is thus a primary object of this
invention to provide a battery discharging apparatus
that can eliminate memory effect by discharging the
battery at appropriate times.

SUMMARY OF THE INVENTION

The battery discharging apparatus of the present
invention comprises a discharge means to discharge the
battery and a control means to control the discharge.
The control means comprises the following circuit.

The control means is provided with a current sensing
means, to determine whether or not power is being
delivered by the battery, and a battery power capacity
sensing means to detect the battery’s power level. When
the current sensing means determines that power is not
being delivered by the battery, and when tile battery
power capacity sensing means detects that battery ca-
pacity has dropped below a prescribed level, the con-
trol means guides the discharge means to begin battery

- discharge. Thus, memory effect eliminating discharge is

commenced by tile discharge means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a graph showing battery voltage reduction
due to memory effect:

FIG. 2 1s a perspective side view showing a battery
pack, remaining power indicator adaptor, and eight
millimeter video camera;

FIG. 3 is a block diagram of the a preferred embodi-
ment of tile battery discharging apparatus circuit: and

FIG. 4 is a flowchart showing the operation of the
battery discharging apparatus of FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

The following describes preferred embodiments of
the present invention based on illustrations.

Part number 1 in FIG. 2 and is the remaining power
indicator adaptor included in the battery discharging
apparatus of this invention. This remaining power indi-
cator adaptor 1 lies between the battery pack 2 and the
eight millimeter video camera 3. Specifically, the
adapter 1 is provided with mating surfaces to both the
battery pack 2 and the video camera 3, and the battery
pack 2 supplies power to the video camera 3 through
the adapter 1. Further, as the driving power source, the
battery pack’s remaining power level is displayed by the
adapter 1.

FIG. 3, is a block diagram of a discharging apparatus.
The discharging apparatus of tills FIGURE is provided
with a control means 100, a discharge means 90, and a
indicator means 96. The control means 100 is provided
with a voltage sensing means 97, a current sensing
means 94, and a battery level sensing means 101.

The voltage sensing means 97 connects to both termi-
nals of the battery cell array 92 to measure battery



5,355,072

3

voltage. The current sensing means 94 connects in series
with tile battery cell array 92 to determine whether or
not power is flowing to or from the array. The current
sensing means 94 is provided, for example, with a cur-
rent sensing resistor 94A connected in series with the
battery, and an amplifier 94B connected with both ter-
minals of the current sensing resistor 94A to amplify its

voltage. The current sensing resistor 94A produces a -

voltage in proportion to tile current of tile battery cell
array 92. When power flows to tile load from the bat-
tery cell array 92 or charging current flows to tile bai-
tery cell array, the current sensing means 94 outputs a
signal proportional to that current. The amplifier 94B is
used to limit the size of the current sensing resistor 94A
and reduce measurement loss.

The battery level sensing means 101 is provided with
a microcomputer 95 to compute real battery power
capacity from the output signal of the current sensing
means 94. Signals from both tile current sensing means
94 and the voltage sensing means 97 are input to tile
microcomputer 95. The microcomputer 95 contains an
A/D converter (not illustrated) to convert the input
analog signals to digital values.

‘The microcomputer 95 operates on input signals from
both the current sensing means 94 and tile voltage sens-
ing means 97 to compute real battery power capacity.
The microcomputer 95 computes real battery power
capacity until the battery voltage drops to tile final
value Vgnp. Battery power capacity can be computed
by integrating load current over time from a fully
charged battery until voltage drops below the final
value V gnp. For example, tile final voltage Vgapis set
to 1.16V per cell for NI-Cd batteries. However, the
final voltage for power capacity computation Vgnp is
set equal to, or slightly higher than the powered equip-
ment’s cut-off voltage. For example, the powered
equipment cut-off voltage is set from 1.14V to 1.15V.
Voltage is set in this manner because battery power
capacity is computed while the battery is discharging
during use of the powered equipment. If the final volt-
age for power capacity computation V gnp were below
the cut-off voltage of the powered equipment, dis-
charge through the load would end before the power
capacity computation was complete and capacity calcu-
lation would be impossible.

The discharge means 90 is connected in parallel with
the battery cell array 92 and performs a deep discharge
memory effect eliminating resistive discharge on a bat-
tery with reduced power capacity due to memory ef-
fect. The discharge means 90 is provided with a dis-
charge resistor 99 and a series connected switching
element 98. The switching element 98 is controlled by
signals from the battery level sensing means 101. When
the switching element 98 is turned on, memory effect
eliminating resistive discharge is performed on the bat-
tery via the discharge resistor 99. When the switching
element 98 is turned off, memory effect eliminating
resistive discharge is stopped.

The indicator means 96 displays battery power capac-
ity during normal use and indicates discharge during
memory effect eliminating resistive discharge.

The discharging apparatus described above operates
in the following manner depicted by the flowchart of
FIG. 4.

(1) Decide whether or not the battery is being
charged. When the battery pack is connected to a bat-
- tery charger and is being charged, the current sensing
means 94 measures charging current which is input to
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the to the microcomputer 95. The microcomputer 95
Judges that tile battery cell array 92 is being charged
and turns the switching element 98 of the discharge
means 90 off. Therefore, when the battery cell array 92
is being charged, memory. effect eliminating resistive
discharge via the discharge means 90 does not take
place. In addition, tile indicator means 96 does not indi-
cate discharge.

(2) When the battery is not being charged, the mi-
crocomputer 95 determines If the battery is discharging.
When the battery is connected to, and supplying cur-
rent to the load, the current sensing means 94 measures
load current and inputs this to the microcomputer 95. In
this state, the switching element 98 of the discharge
means 90 is turned off and memory effect eliminating
resistive discharge is not performed.

(3) When the microcomputer 95 determines from the
signal from the current sensing means 92 that the bat-
tery is discharging, the microcomputer 95 integrates the
current sensing means 92 signal to compute power ca-
pacity. After the integration, the microcomputer 95
compares the signal from tile voltage sensing circuit
with the final voltage Vgnp. If the battery voltage is
greater than V gnp, battery capacity is integrated while
repeating the following loop.

integrate capacity—battery voltage <V EenD?

—charging? “discharging? —integrate capacity

(4) When the battery vol take drops below the final
value Vgnp, the microcomputer 95 compares the inte-
grated battery capacity with tile prescribed battery
capacity. The prescribed battery capacity is set ahead of
time in microcomputer 95 memory. For example, the
prescribed battery capacity is set in tile range 60% to
90%, and preferably in the range 70% to 85% of the
battery’s original specified capacity. When the battery
capacity is smaller than tile prescribed value, the dis-
charge means 90 begins battery discharge. While the
discharge means 90 performs memory effect eliminating
resistive discharge, the indicator means 96 indicates the
discharge taking place.

The microcomputer 95 can also begin memory effect
eliminating resistive discharge by computing power
capacity from the remaining battery capacity. Remain-
ing battery power can be computed by subtracting dis-
charged capacity from the battery’s original specified
capacity. Specifically, remaining battery power can be
computed by subtracting the power capacity dis-
charged until tile final voltage Vgnp is reached from
the battery’s original specified capacity. When the re-
maining battery power becomes less than the prescribed
capacity in microcomputer 95 memory, or similarly the
discharged capacity becomes greater than a prescribed
value, the microcomputer begins memory effect elimi-
nating resistive discharge.

(5) The microcomputer 95 determines the battery
voltage from the voltage sensing circuit signal and
judges whether the battery voltage has reached the
Final discharge voltage or not. The battery is dis-
charged until the battery voltage reaches the final dis-
charge voltage. This discharge is a deep memory effect
eliminating resistive discharge. The final discharge volt-
age 18 a voltage that discharges the battery deeply, for
example, the final discharge voltage is set to IV per cell
for N1-Cd batteries.

Operations (1) through (5) are repeated and the bat-
tery 1s discharged when its power capacity decreases
due to memory effect. Moreover, memory effect elimi-
nating resistive discharge is performed after checking
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that the battery is neither charging nor discharging.

Since the operations (1) through (5) are repeated in a
loop, memory effect eliminating resistive discharge is
stopped if battery charging begins, or if the battery
discharges through equipment lead.

The discharging apparatus shown in FIG. 3 is con-
tained within tile battery pack. It is also possible to
include the discharging apparatus in tile electronic
equipment or in the battery charger. The battery dis-
charging apparatus shown in FIG. 3 measures the bat-
tery s power capacity and performs memory effect
eliminating resistive discharge when the power capac-
ity decays below a fixed power capacity.

Memory effect eliminating resistive discharge serves
to recover a battery’s power capacity reduced due to
memory etfect. No power capacity recovery can take
place for a battery with no power capacity reduction.

Memory effect eliminating resistive discharge is begun

by hand operation, when battery voltage drops below a
fixed value, or when a discharged battery is not used for
a set time interval. The discharging apparatus does not
always deeply discharge a battery with power capacity
reduced due to memory effect. On the other hand, deep
discharge of a battery with no power capacity reduc-
tion consumes time during discharge as well as during
recharge, and this reduces the battery’s charge-dis-
charge cycle lifetime.

‘The discharging apparatus shown in FIG. 3 has the
feature that since memory effect eliminating resistive
discharge is performed on the battery when its power
capacity 1s reduced due to memory effect, there is no
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wasted discharging and recharging, and the battery is
deeply discharged under ideal conditions. Furthermore,
since power flow to or from the battery is sensed, mem-
ory effect eliminating resistive discharge is not started
when the battery is being used. Therefore, a Feature of
this apparatus and memory effect eliminating resistive
discharge is that when the battery is again charged, it
can attain its full power capacity, and stablé activation
of tile load can be guaranteed.
We claim:

1. A battery discharging apparatus comprising:
(a) a discharge means for discharging tile battery,
(b) a control means for controlling tile discharge
means, and said control means provided with
(1) a current sensing means to determine whether
Or not power 1s flowing to or from tile battery,
and
(2) a battery power capacity sensing means to
determine battery capacity,
wherein tile control means controls the discharge
means to begin battery discharge when said current
sensing means determines that power is not flowing to
or from the battery, and further, said battery power
capacity sensing means determines that battery capac-
1ty is below a prescribed value.
2. A battery discharging apparatus as recited in claim
1 wherein tile discharge means comprises a discharge
resistor and a switching element.

3. A battery discharging apparatus as recited in claim

1 wherein the control means contains a microcomputer.
X * * X
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